or by changing their solubility and forming precipitates. A third group of substances significant for their cytolytic power are the anesthetics. Though belonging to most divergent classes of chemicals, they are united into one group by their common physicochemical property of being soluble in "lipoids." Some of them are devoid of polar groups, (e.g. hydrocarbons, haloger~ted hydrocarbons, ethylchloride, ether); they fail to reduce the interfacial tension betwe~ water and an organic liquid (olive oil, benzene) (Lazarew, Lawrow, and Matffejew, 1930; Meyer and Hemmi, 1935) . Their cytolytic power, which, in general, appears only in higher concentrations, probably can be accounted for mainly by their atfiuity for the cell lipoids. Other anesthetics have a moderate nonpolar-polar molecular structure, (e.g. alcohols, ketones, amides), and, due to this property, they lower the interracial tension. In this respect they resemble the detergents. However, the detergents are strong or fairly strong electrolytes, the anesthetics are nonelectrolytes. This important difference may be explanatory of the characteristic effects of the detergents, in which not only the opposing van der Waals forces, the hydrophilic and the hydrophobic aifinities are involved, but also electrostatic forces. In other words, anesthetic power can be exhibited by nonpolar or by moderately nonpolar-polar nonelectrolytes, detergent power by nonpolar-polar electrolytes.
So far there has not been much study concerning the physiological effects of detergents, except the bile salts, which also are nonpolar-polar electrolytes. This paper will deal chiefly with bile salts, with higher sulfated alcohols, and with alkyl esters of sulfosuccinic acid.
Correlation between the Surface Activity and the Cytolytic Power of Detergents
The surface activity of the detergents was measured by the drop count method, the lowest concentration being determined, which gave a value different from water. The cytolytic power toward red blood corpuscles was determined by mixing 0.1 ml. of beef blood and 10 ml. 0.9 per cent NaC1 solution containing the detergent in concentrations decreasing stepwise to zero. During and after sedimentation of the red cells at room temperature it was observed, at what concentration after several hours the supernatant fluid just appeared colored by hemoglobin or remained colorless. In order to measure the cytolytic power of the detergents towards muscles, it was found adequate to ascertain the minimal concentration, which produces an injury potential, when one end of a sartorius muscle is in contact with Ringer, the other with Ringer plus detergent. Whereas hemolysis such as evidenced by the escape of hemoglobin is irreversible, the myolytic method allows one to study in how far the potential changes by their reversibility may be indicative of alterations of the muscle fibers comparable to those changes, which, in a previous study, have been considered analogous to normal physiological events associated with muscle and nerve activity (H6ber et al., 1939) .
In this way approximate threshold values for a number of detergents were obtained. In Table I they are listed as molar concentrations.
It is obvious from the table that the threshold values for the surface activities and the cytolytic activities, on the whole, run parallel to each other, as could be expected. But what was unexpected is that the numerical values for these activities are in as good agreement as they really are shown to be by our experiments, although the threshold change in the molecular arrangement at the interfaces air-water, muscle-water, and red cell-water is measured, respec- tively, by the change of the interracial tension, the change of the permeability of a plasma membrane to ions, and the change of the permeability to hemoglobin. Furthermore, in the table is shown the significant fact that the development of the injury potentials is a reversible process; dz., that upon substituting plain Ringer for the detergent solution, the injury effect disappears. However, the recovery takes a longer time or it requires rinsing the muscle more than once, when the alkyl sulfonates have been applied instead of the alkyl sulfosuccinates or the bile salts. This recovery can be considered m generally speaking---as a rearrangement of the molecules in the interfacial layer, when, caused by a stronger or a weaker attachment of the nonpolar C-atom chains, the membranes are subjected to dispersing or to hydrating forces of variable magnitude. This will be discussed in more detail in a following paper. 1
Effects of Various Concentrations of Detergents upon tke Microscopic Appearance of Stellate Cells
The Problem.--In this paragraph a more detailed study of the influence of some detergents upon one particular system of active ceils, the Kupffer ceils or stellate cells of the liver, will be described. The starting point is the following group of observations. The isolated frog liver, when perfused with Ringer solution with the addition of a very small amount of dye, has been found to excrete in the bile a great number of various dyestuffs; several hundred or even more than a thousand times concentrated these appear for hours in a cannula fixed in the gallbladder (H6ber and Titajew, 1928; . In contrast to this process, under the same experimental conditions the liver loses its well known capacity to store in its steUate cells fine suspensions and colloidal material, but regains it after the addition to the perfusion fluid of a small amount of serum (H6ber, 1940) . There are several interpretations, as will be discussed later. This study was chiefly suggested by the work of Clark (1913) on the "hypodynamic state" of the frog heart, which loses its activity after being perfused for a few hours with Ringer solution, and which can be reactivated by the addition of small amounts of serum. In a thorough investigation this beneficial action of serum was shown by Clark to be due not to its proteins, but to its small content of lipoids, to lecithin, and to soaps of the higher fatty acids (C10 to C~s), briefly, as we may say now, to substances belonging to the class of nonpolar-polar organic electrolytes. The reviving effect then may be thought of as being based on a slightly dispersing influence upon the cellular interfacial structures, which, when elicited with stronger and stronger concentrations, ultimately passes over from a beneficial effect into a disintegrating cytolysis. Correspondingly, the inactivation of the stellate cells by Ringer perfusion and the reactivation by serum may be looked upon as a hypodynamic state and its reversal. This hypothesis has been tested experimentally.
Method.--The perfusion cannula was fixed in the abdominal vein at the inside of the body wall, after the vessels going to and coming from the liver had been blocked I To what extent the effects of the detergent agents must be referred to the surface membranes of the cells or to the intracellular phase boundaries, is unknown. Many detergents, e.g. the alkyl sulfosuccinates, though being strong electrolytes in dilute solution, are highly soluble in organic liquids. Aerosol OT, for instance, is soluble in many polar and nonpolar solvents. Therefore, supposedly, their relative lipoid solubility also is high (see American Cyanamid Company, 1941) .
by a mass ligature around cardia, porta hepatis, radix mesenterii, and rectum. The perfusion fluid, COg.-HCOs-buffered Ringer solution (pH 7.5), entered under a pressure of 8 to 10 cm.; the outlet was provided by cutting the sinus of the heart. The rate of perfusion was controlled throughout the experiment and was kept fairly constant by a screw clamp.
More than 350 experiments on R. pipiens (mostly females) were performed, mainly according to the following scheme: (1) For 30 minutes Ringer perfusion. At the end of this period the liver appeared to be more or less blood-free. (2) For 10 minutes Ringer with (or without) 2 per cent beef serum. (3) For 45 minutes the same plus 0.02 per cent trypan blue Griibler (Akatos) or soluble blue R (du Pont) and, eventually plus a test substance. (4) The three lobes of the liver, usually cut into small pieces placed in formalin and after 48 hours sectioned with the freezing microtom.
In general, two to four frogs of the same batch, of rather the same weight and living under the same conditions, were compared. In order to exclude the effect of differences in the activating power of the serum, the same serum was always applied to all the frogs of a given group.
During the third period the liver turns blue, but often in the different lobes to a different color intensity. In general, slices of the corresponding lobes were compared in the microscopic investigation.
In the majority of experiments, the classical dyestuff for intravital staining of the stellate cells, trypan blue, was used; only after recent failure, for unknown reasons, to reproduce the customary staining effect with new samples of the dye, we substituted successfully the trypan blue by the likewise colloidal soluble blue R.
RESULTS

A. The Microscopic Picture in General
The picture of a normal frog liver displaying an active system of stellate ceils, as gained by this method, is briefly and on an average as follows: The slices show the striking pattern of a dark blue network covering more or less uniformly the entire area of the slice, the meshes being filled mainly by the hepatic cells, and to a smaller extent by the empty lumina of the blood capillaries. The net seems more or less distinctly attached to the capillary wails and it looks as though composed of the homogeneously stained and irregularly shaped stellate cells, which partly project into the capillary lumina, whereas the islets of the genuine hepatic cells, which fall the meshes, appear colorless. Often along the capillary walls, where they are not occupied by the stellate cells, fine dark blue border lines are visible, possibly the flattened endothelium cells.
But, as mentioned before, a picture like this fails to appear after perfusion with plain Ringer solution. On the other hand, due to several causes, even after a succeeding perfusion with Ringer plus serum the liver exhibits the network pattern in very non-uniform intensity of color. Most evident is the seasonal influence. Unlike the capacity of the liver to transport dyestuffs from a low concentration level in the perfusion fluid to a high level in the bile ducts, which, in general, can be demonstrated throughout the year, the system of stellate cells is more or less at rest during the winter months. But besides this regular periodicity, there occur irregularly gross or fine variations in the staining intensity. These, obviously, are indicative of differences in the activating potency of the sera, probably due to changes in the percentage of the nonpolar-polar substances mentioned before. It was for this reason, that the use of the same serum in a group experiment was necessitated and that control experiments were designed to show that a positive effect was due to the presence of a certain active drug and not to the serum. Thus, the microscopic sections sometimes did not show more than a gossamer network and small pale cells. Stronger effects were indicated by more color and by larger cell bodies, which often had an irregular shape and sometimes long processe s. After a detergent had been perfused, the enlargement of the ceils could approach pathological magnitude and even end in cytolysis as manifested by protoplasmic desquamated masses extending into the wider capillaries. This terminal state was often marked out as pathologic by the appearance of nuclear staining in the hepatic cells.
B. Alterations of the Microscopic Picture caused by Detergents 1. Sodium Salts of Conjugated Bile Acids (Glycockolate and Taurockolate).--
The bile salts are known to be the most powerful choleretics. In our experiments they have been found also the most reliable among the detergents tested for producing an increased uptake by the stellate ceils of the aforementioned colloidal dyestuffs. The bile salts were applied both as chemically pure preparations (Riedel-de Haen) and as commercial drugs (Kahlbaum, Merck). The optimal concentration was found to be 0.3 to 0.6 X 10 -4 molar. Among twenty-one double experiments, comparing the effect of Ringer-serum and of Ringer-serum plus bile salt, within this concentration range, eighteen resulted in an increase of the staining effect. That is to say, the network was more distinct and was spread more generally over the area of the slices than in the controls. Subsequent to an increase of concentration up to 3 and 7.5 × 10 -4 molar there appeared a coarse network filling rather to completeness the capillary spaces; often the single stellate cells appeared to be swollen. At about 30 × 10 -4 much nuclear staining was observed, which extended more or less into the center of the islets of hepatic cells; d6bris of the stellate cells reached the larger vessels. Of great significance is the observation that in the absence of serum the bile salt appeared to be unable to promote the uptake of the dye.
Dehydrocholate (Deckolin Sodium).--This substance is superior to the
conjugated bile salts as a choleretic so far as the bile volume is concerned, but it differs from them in that it decreases the content of the main characteristic bile components; it is therefore classified as a hydrocholeretic agent. Its effect is associated with a marked increase of blood flow in the hepatic artery (Grodins, Osborne, Ivy, and Goldman, 1941) . We have studied the influence upon the stellate cells, but up to a concentration of 10 --s molar no effect was detectable. This can be correlated with the fact that decholin is neither surface~active nor has it a hemolytic or a myolytic power (Table I ). The lack of a nonpolar-polar character probably can be accredited to the presence in the molecular ring system of three keto groups.
Alkyl Sodium Sulfates,--Two members from this series of detergents
have been studied, the dodecyl and the decyl compound. The concentrations producing a small, but definite effect have been found to be around 1 X 10-4 and 1 to 5 X 10 -4 molar respectively. At a concentration of 10 X 10-* nuclear staining takes place in many hepatic cells. In two experiments this effect diminished from the periphery of the cell islets to the center.
Dioctyl and Dihexyl Sodium Sulfosuccinate (Aerosol OT and MA).--The
threshold of the augmentation of the dyestuff uptake was found with OT near 0.11 X 10 -4 molar, with MA near 1.3 X 10 -4. With OT and with MA at about 10 times higher concentration much nuclear staining appeared. With 15 X 10 -4 MA the stellate cells showed disintegration.
5. In previous experiments concerning the capacity of the Ringer-peffused liver to discharge dyestuff in an amazingly high concentration (page 708), it was observed that this power can be reversibly depressed or extinguished by substituting for a/~ of the Ringer solution an equal part of an isotonic solution of certain nonelectrolytes (disaccharides, hexoses, pentoses, polyhydric alcohols, amino acids) and certain organic electrolytes, particularly the salts of mono-and dicarboxylic acids (malonate, succinate, glutarate, malate, fumarate, gluconate, lactate) (Htiber and Moore, 1939; Valdecasas, 1931; H6ber, 1932) . We have tried to determine whether the same inhibitory effect can be demonstxated with the stellate cells. For this purpose we have chosen two substances which were found to be regularly and vigorously effective in the dye secretion, namely, sucrose and succinate. In eight experiments pairs of livers were perfused with Ringer plus serum plus 0.3 X 10 -4 molar tanrocholate and to one of each of these pairs sucrose was added. In seven of these experiments there appeared a clear cut diminution of the staining effect; ~z., the blue network was distinctly finer, compared to the control liver. In two experiments with 0.11 X 10 -4 molar Aerosol OT the same result was obtained. On the other hand, we failed to get an unambiguous response with succinate; three experiments were positive, four negative.
DISCUSSION
The experiments described have provided evidence that in the incorporation of colloidal dyestuffs by the stellate cells a prominent factor is the presence of serum and that this activation is increased by the addition of nonpolar-polar organic electrolytes, like detergents including bile salts. Increase of activation is equivalent to a greater staining effect indicated not only by the depth of color, but also by the enlargement of the cells. A considerable enlargement, as brought about by higher concentrations of detergents, is doubtless a pathological appearance, which finally ends in cytolysis. But, is there reason to assume that threshold staining effects can be correlated with a physiological functional activation of the stellate cells,--although apparently the microscopic method is rather inadequate in proving that a certain microscopic picture is the effect of a certain composition of the perfusion fluid? Let us recall that threshold changes were judged only by comparing slices of pairs of livers, one affected by a certain change in the composition of the perfusion fluid, the other the control, or one influenced by a lower, the other by a higher concentration of a drug. Mter having averaged in this way the threshold changes, how can we answer the question as to whether such changes can be regarded as signifying a greater functional activity or the beginning of death? Certainly, we can recall the fact, that it is a common characteristic of living things that substances, which are stimulants in small doses, are deleterious in higher ones. In previous studies concerning the influence of nonpolar-polar substances upon the dyestuff secretion of the liver (H6ber and Moore, 1939; H6ber, 1940) we have observed that a certain minimum concentration of a detergent, which has been found prevailingly to increase the dyestuff transport, may also display the opposite influence. Such finding emphasizes the fact, that it can be essentially difficult to classify a phenomenon as still physiologic or as already pathologic. In order to avoid this dilemma as far as possible it is desirable to show that a threshold effect is a reversible process. Therefore, in our work we have laid stress upon showing that the injury potential, which can be brought about by powerful cytolytics such as our detergents, if cautiously applied in minimum concentrations and for a short time can be decreased, eventually to zero, by rinsing the muscle with Ringer. But, as indicated in Table I , there are variations in the ease of reversibility, and a question mark means that recovery was brought about only slowly and after the injured end of the muscle had been flooded repeatedly with Ringer (see also H6ber et al., 1939) . Furthermore the reactivation of the hypodynamic heart in the experiments of Clark (page 708) may be mentioned, although as yet only a few nonpolar-polar substances which are normal components of the blood serum, have been shown to be effective. Finally, it may be recalled that 30 years ago Loeb found that surface-active agents, among them bile salts and higher fatty acids, administered to unfertilized sea urchin eggs induced cleavage and development, whereas higher concentrations caused cytolysis.
Certainly, it would be most desirable in this connection to give direct proof that the threshold staining effect on the stellate cells is reversible. A slight contribution toward such proof is furnished by the observation of the antagonism of sucrose to the action of detergents (see page 711) so strikingly shown in earlier experiments on dyestuff secretion by the liver. This experiment was conducted for the following reason: it has been shown previously that a large group of organic nonelectrolytes and of organic anions, both of them hydrophilic because of the presence of a relatively great number of OH and of COOH radicals in their molecules, exhibit an antidispersing and dehydrating and shrinking effect upon hydrated colloids and have vigorous inhibitory but reversible influence on the capacity of the liver to secrete dyestuffs. In addition there is another group of organic substances, nonpolar-polar, dz., half organophil/c and half hydrophilic, which is dispersing and therefore cytolyzing, and which favors dyestuff secretion. This difference in distribution of physicochemical properties suggested the possibility of selecting pairs of substances, which might antagonize each other in their influence upon the dyestuff secretion. In such experiments, as mentioned before, sucrose gave the expected effect, succinate did not. The reason for the latter result is unknown. Now, the question arises as to how to explain the favorable influence of serum upon the uptake of dyestuff. In this connection an important point is that, in contrast to the stellate cells, the secretory epithelia of the liver and of the tubular walls of the kidney are able to transfer dyestuffs from the blood vessels into and across their own substance whether serum is present or not. Evidently, the principal mechanisms of intake are different. Here it is suggestive to consider the well known phagocytic properties of the stellate cells and other representatives of the reticulo-endothelial system, which enable them to incorporate microscopic as well as submicroscopic particles, among these hemoglobin and other proteins. For several reasons, the latter can be assumed to form a film around the particles of the colloidal dyestuffs, thus predisposing the dyestuffs to adhere to the cell surface. However, this cannot be more than one factor in explaining the activating power of serum, since the detergents also must be taken into consideration. Perhaps, it is adequate to assume that the phagocytic mechanism cannot play its part, unless protein is present at the surface of the stellate cells. Two observations mainly can be cited in support of such a concept. As mentioned before, in the absence of serum the detergents, even the most reliable ones, the bile salts (page 710), are unable to stimulate the uptake of the colloidal dye into the stellate cells (page 710). Under these conditions one finds the dye, especially soluble blue R, lined up along the walls of all vessels, not only the walls of the capillaries encircling each islet of the hepatic cells, but also the walls of the larger vessels, their inner sides being covered by a fine blue coat, and the stellate cells remaining fairly invisible. This distribution of the dye is entirely different from that appearing subsequent to perfusion with the addition of the 2 per cent serum. The regular lining all around the islets and the regular dark contour on the inner wall of the larger vessels fail to be formed. Instead, the stellate cells, activated by the detergent to a heavy incorporation of protein, increase in volume and absorb with the protein a great load of dyestuff. In this way, on the one hand, the dyestuff is diverted from the walls of many vessels. On the other hand, it is shifted to and accumulates in the enlarged stellate cells, which project into the capillary lumina and thus form the characteristic coarse network, as described above (page 710).
Finally, one more feature in the microscopic picture of the stained stellate cells seems worth discussing. In our experiments, the stellate cells in general appeared homogeneously stained, whereas ordinarily they are described as containing the trypan blue in fine dark blue granules3 Possibly our pictures could be interpreted as being due to extensive impairment of function caused by the artificial perfusion of the isolated organ. However, rather the contrary may be true. The appearance of granules in ceils stained with sulfonic acid dyestuffs such as those used in our experiments, in general is suspicious of a pathological condition of the protoplasm. As a matter of fact, the normal appearance of living ceils, while absorbing and transporting dyes, is that of a homogeneous solution. Only when a living cell is overloaded by excess dyestuff in the medium, does the formation of granules occur. This concept of the formation of granules is corroborated in a very convincing way by the observations of Chambers and Kempton (1933) , regarding the secretory activity of the kidney tubules in explants of the mesonephros of chick embryos. In our own experiments, dyestuff transfer and accumulation in the secretion of the frog's kidney and liver was followed over hours without displaying any sign of the dye being segregated in granules (see further H~ber, 1935) . The customary procedure for studying active stellate cells was and is to inject trypan blue and to observe the microscopic appearance not earlier than 1 or 2 days later. With this procedure one gets the conventional picture with frogs. However, studying the microscopic distribution of the dye only a short time after its intravenous injection yields prevailingly the homogeneous coloration, as it appeared in our perfusion experiments. SUMMARY 1. Mter a consideration of the physicochemical properties of detergents, it was deemed worth while to study some of their physiological effects. As nonpolarpolar electrolytes, the detergents are surface-active and as such cytolytics; but probably due to their dispersing and wetting properties, they are cytolytic in a fashion different from that of other cytolytics. The detergents tested were alkyl sulfonates, alkyl sulfosuccinates, and bile salts.
2. The cytolytic power has been tested in two ways, (1) with red cells by following the escape of hemoglobin, (2) with muscles by measuring the development of an injury potential. In both series of experiments the threshold concentrations of action have been determined. The effect on the potentials has proved to be, in general, reversible.
See, e.g., the colored plates in the article by Cappell (1929).
3. The hemolytic and the myolytic power run fairly parallel to the surface activity.
4. Dehydrocholate has been found to be lacking in nonpolar-polar properties. 5. The stellate cells (Kupffer cells) of the Ringer-perfused frog liver are unable to take up colloidal dyestuffs (trypan blue and soluble blue R), except after addition of a small amount of serum to the perfusing Ringer solution. Only under the latter conditions, the uptake of dye is increased by adding a detergent. This seems to be due to the combined action of the proteins and the detergents.
6. The effect of relatively high concentrations of detergent is disintegration of the stellate cells; viz., cytolysis. There are reasons to assume that small concentrations, which produce a threshold increase of the dyestuff uptake, raise the functional activity.
